Down syndrome (Trisomy -21) is a most common aneuploid condition caused by the presence of an extra 21 chromosome and is a major cause of mental retardation. The only etiological factor that has been established in literature is advanced maternal age for the occurrence of trisomy 21 but little is known about the genetic consequences of advanced paternal age. The study was carried out to find the effect of paternal age on trisomy-21.
INTRODUCTION
Down syndrome is a model for study of human aneuploidy and is usually associated with the presence of extra chromosome 21 and is characterized by a complex phenotype including characteristic facial features, skeletal appearance and low mental level. The disease was first described in man by John Langdon Down (1866) 1 and was originally called mongolian idiocy or mongolism. It is a cosmopolitan disease, having been reported in nearly all countries and ethnic groups. The incidence of Down syndrome is of the same magnitude all over the world i.e. 1 in 700 overall births (Kotzot and Increase in parental age has become a public health concern because more infants are being born who are at high risk for genetic disorders & identification of potential risks associated with advanced parental age is now more relevant than ever. The influence of maternal age in Down syndrome is well established but little is known about the genetic consequences of advance paternal age and has not been clearly defined. The question whether there is a paternal age effect on male nondisjuction remains uncertain. The existence of a paternal age effect on Down syndrome is controversial. There are several possible explanations for the failure to conclusively identifying these factors. It may be that the concerned factors have not been studied yet. In this paper we attempted to define whether a paternal age effect exists as a risk factor in Down syndrome.
MATERIAL METHODS
Present study has been conducted on 200 cases of Down syndrome from 30 centers of 12 districts of Haryana. There were 152 male & 48 female patients. These patients were subjected to detailed morphogenetic, cytogenetic analysis after the written consent of the father /guardian.
Morphogenetic analysis
A questionnaire has been developed to record all the required information about family history including age of the parents at the birth of the child.
Cytogenetic Analysis
For cytogenetic analysis the peripheral blood samples of Down syndrome patients and normal persons were taken with the help of clinician after the consent of the parent/guardian. The blood sample was subjected to culture in a nutritional media. Peripheral blood samples of Down syndrome patients (with the help of qualified technician) were collected in heparanised vacutainer tube and subjected to culture in the laboratory using media RPMI-1640, supplemented with phytohaemagglutinin, antibiotics and foetal calf serum. Blood culture was set up at 37 o C for 72 hours. The cultured cells were treated with colchicine forty five minutes prior to harvesting.
RESULTS
Mean paternal age of Down syndrome cases at the time of conception was recorded 31.5 years. Variability in age of father was found at the birth of mongoloid child. It varied from 19 years to the 48 years. Most of the Down syndrome cases Figure 2 ). Age and sexwise analysis of Down syndrome cases in different age group of parents showed that more number of male Down syndrome children was born to parents of 25 to 30 years of age. There were 22.5% males and 7.5% females born from father's age between 25-30 years (Table  3) .
In free trisomy 21 Down syndrome cases, father's age at birth of Down syndrome child was between 20-46 years and in mosaic cases it was 35 and 37 years (Table 4 ). Father's age was above 30 in 76.7% of cytogenetically analysed Down syndrome cases and below 30 in 32.3% of cases (Table 5 ). In free trisomy 21, father's age was below 30 in 24.7% cases and above 30 in 75.2% of cases (Table 6 ).
DISCUSSION
The only etiological factor that has been established in literature is advanced maternal age for the occurrence of trisomy 21 (Penrose 1933 ). The question whether there is a paternal age effect on male nondisjuction remains uncertain. The analysis of Down syndrome patients in the present study depicted that mean paternal age was 31.5 years for Down syndrome cases. Variability in age of father was found from 19 years to the 48 years at the birth of mongoloid child. Down syndrome cases born to father of less than 30 years of age were 40.5% while those born to more than 30 years of age were 59.5%. ). Contrary to this, a Canadian study of 997 cases of Down syndrome revealed a increasing rate of Down syndrome cases with increasing paternal age (McIntosh et al 1995 16 ). According to one study paternal age is considered without the interaction of increased maternal age (and vice versa), no apparent relationship between paternal age and Down syndrome was found therefor it is reasonable to assume a positive correlation between maternal age and paternal age (Harry et al 2003 17 ).
Paternal age was dismissed by the Penrose (1933 9 ) as insignificant in the etiology of Down syndrome but controversy over this point continued, mainly because equivocal data could not be obtained either supporting or rejecting it (Carothers 1988 18 ; Hook and Cross 1990 19 ). Neither is there convincing evidence for a paternal age effect for trisomic abortuses (Hatch et al. 1990 20 23 ). Although meiotic nondisjunction is undoubtedly the cellular malfunction those results in free trisomy. Some interrelated and challenging questions regarding basic mechanism of nondisjunction & paternal age are still unanswered.
The compromised microcirculation hypothesis explains the occurrence of aneuploidy in primary and secondary oocytes, sperm precursor cells, tumor and embryonic cells. Generally older wives tend to be married to older husbands. Therefore it is not immediately obvious whether an increased risk with parental age can be traced to fathers, mothers or both parents. In Down syndrome, Penrose (1933) 9 showed the increase in risk to be exclusively due to the mother's age. Epidemiological studies have identified many candidates for extrinsic factors including smoking, alcohol, maternal irradiation, fertility drugs, oral contraceptives and spermicides. However an equivocal proof is still lacking for these as well as other intrinsic and extrinsic factors. Present study showed a little bit positive correlation between paternal age & incidences of Down syndrome but not up to significant level, it may be due to combined effect of advanced parental age or may be due to environmental and genetic factors. Such data would also be helpful in better assessment of the environmental factors (physical, biological, chemical, mutagens) and genetic factors that have been considered as possible causes for Down syndrome. Although more research is needed to confirm these findings, & father's age should not be ignored while studying genetic abnormalities. With the advent of the DNA polymorphic markers the effect of paternal age on Down syndrome can be more clearly depicted.
